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This invention relates generally to electronic 
vacuum tube structures and systems,and more 
partiCularly to broad band power tetrode oscil? 
latOrs,Capable of operation in the ultra-high 
frequencies with high eficiency. 
High p0Wer tetrode OScillators of the Cavity 

reS0nat0rtype are well Known in the art relating 
t0 generation of ultra-high frequencies. One 
Such tetrode arrangement,which has become 
Known as the reSnatron,and which has a theory 
0f Operation Similar to that of the class C oscil 
iator,has been found capable of delivering Iarge 
am0untS Of power at high eficiencies Over a Wide 
band,in the ultra-high frequencies. 
1ating Circuits of the device are cavities,which 
may be integral With the electronic elements of 
the tube. 
In the USual reSnatron Structure two reSonant 

CaVitieS are employed,One, called the cathode 
CaVity,is formed betWeen the Cathode and the 
COntrol grid Of the tube,and the other,Known 
a8 the anOde Cavity,i8 formed betWeen the anode 
and screen grid of the tube. 
The electrodes of thetube normallyform parts 

Of the Cylindrical Wals of the cavities and are 
lOCated Substantialiy at positions of voltage 
maxima,With reiation to Standing Waves Set up 
in the Cavities by OSCillation of the tube,and the 
eleCtrOn Stream travels radially of the Cavities. 

TranSit times are arranged to be such that 
electrons are Supplied With energyin the cathode 
cavity and give up this energy in the anode 
Cavity,and the electrons are bunched,not by 
velocity modulation,as in many ultra-high-fre 
quenCy OScillators, but in response directly to 
grid - Cath0de potentials, 
SCreen grid potential employed acts to accelerate 
electrons in the cathode cavity suficiently to 
eliminate transit-time problems enCountered in 
ultra-high-frequency triodes. The oscillators 
are tuned by controlling the size of the cavities, 
and OSCillations are Sustained by feeding back 
energy fr0m the anode Cavity to the Cathode 
Cavity. By omitting feed-back the tube may be" 
CauSed tO Operate as an amplifier. 

SinCe the Conventional reSnatron employs two 
cavities,which must be maintained critically 
tuned to each other despite the high Q values 
of the Cavities,and more especially because of 
the high powers at Which the resnatron operates, 
tuning problems are exceedingly dificult of solu 
tion,and extremely complex structural arrange 
ments have,in the past,been resorted to forthis 
DUrpOSe. - - 

When resnatrons are utilized as oscillators, 
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transit times at the operating voltages afect th 
phase of the feed-back from the anode Cavity to 
the Cathode cavity and these times become difi 
fult to adjust. Usualy an extremely large tran? 
Sit angle exists betWeen Cathode and Control 
electrode,because electrons leave the cathode 
With Small Velocities. Further the electrons do 
not constitute anode current until they have 
paSSed the Screen grid,So that transit time be 
tWeen Control and SCreen grids must be Consid? 
ered. MeaSurements on Conventional reSnatrOnS 
indicate that transit angles of 30 to 120 degrees 
may be eXpected,depending On Operating Volt 
ages and SpaCing of eleCtrodeS,ACCOrdingly, 
high eficienCy 0peratiOn inWolves difiCult ad? 
jUStmentS. - 

Further dificulties exist by reason of the high 
interelectrode CapaCities eXistent in Conventional 
reSnatron tubes,which limit both the band width 
and the upper frequency nOrmally attainable. 

It is an object of the present invention to pro 
Vide a novel reSnatron OScillat0rtube and System. 

It is a further object of the invention to pro 
wide a novel ultra-high-frequency tube,Operat 
ing as a ClaSS C OSciliatOr in aCCOrdance With 
principles employed in the conventional reSna 
trOn,but employing Only a Single reSOnant Cavity. 

It is a further Object Of the inVention to pro 
Vide a resnatron 0SCillator Which is SuSCeptible of 
Simplified tUning,and Which requires no Complex> 
structural arrangement for tuning, 

It is another Objeet of the inVention to pro 
Vide a reSnatron OScillator in Which correct phas 
ing betWeen the anode and Cathode fields,is 
readily established. - 

It is still another Object Of the inVention to 
provide a resnatron OScillator Capable of opera 
tion at higher frequencies than has heretofore 
been the case,by reaSOn of the low efective in 
terelectrode Capacity established in the oScil 
lator, - 

It is a further object of the invention to pro 
Vide a novel ultra high frequenCytube Structure, 
The above and Still further Objects,featureS 

and adyantages of the invention Will become ap 
parent upon consideration of the following de 
tailed description of a Specific embodiment 
thereof,especially when taken in conjunction 
With the acCompanying drawing,wherein - 
Figure 1 illustrates,largely in longitudinal Sec 

tiOn,an ultra high frequency tube in accordance 
With the invention,and 
Figure 2illustrates largely in longitudinal Sec 

tiOn,a modification of the tube of Figure 1. 
Briefy described,resnatron tubes in accord 
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anCe with the preSent invention employ a single 
reSOnant Cavity which functions both asananode 
and cathode cavity. Thereby,the phase difer 
ence betWeen the radio frequency field at the 
anOde and Cathode is established by the orienta 
tiOn of these elements,and is Zero in the pre 
ferred embodiment of my invention, The transit 
distance may readily be Selected to achieve max? 
imum eficiency. The necessity for relative tun 
ing of two cavities is avoided,which eliminates 
0ne extremely Serious problem in conventiona? 
resnatrons. Further the,grid-cathode and 
anode-screen capacities are efectively in series, 
which permits operation at higher frequencies 
than is poSsible with conventional resnatron 
structures,by enabling use of smaller inter 
electrode Spacings. - 

Referring now more Specifically to Figure 1 
of the accoinpanying drawing,the reference nu 
meral 1 identifies a single Cylindrical cavity haV 
ingatop Wall 2,a lower wal13 and a cylindrical 
Side Wall 4,A portion 5 of the upper wall 2, 
10cated co-axially of the cylindrical side Wall 4, 
is nosed in to form an anode 6,the latter then 
being integral with the cavity structure. The 
anode 8 may preferably be circular,when viewed 
in plan,in order to aford symmetry with re 
spect to the Cylindrical side wal1 ?. Formed in 

,the anode Wall,and co-axially with the anode 6 
is a depression or hollow 7,which Servesto collegt,3 
6lectrons emitted from a cathode 3. The Cath 
ode 8 is heated by means of a flament 9,ass0?i 
ated With CathOde 3 in COnVentional fashion. 
A Control electrode @ is provided,in the form 

Of a dish haWing annular Walls Or Skirts,11,With : 
its open end directed toward the anode 6,A 
Screen grid 12 is further provided,in,the form 
of an open dish haVing annular Walls Or Skirts 
?3,with its Open end in the direction of Cath0de 
8,and with its annular Walls orskirts 13 Overlying 
the annular Walls Or Skirts 0f the COntrol eleC 
trode?19,but Spaced therefrom. Thereby is 
formed an intergrid Space 14,shielded from the 
U. H. F. fields existing in the cavity 1,but sub 
ject to D.-C. fields radially of the cavity,8nd in 
the direction of travel of the electrons. To en 
able passage of the electrons emitted by the 
cathode ? to the anode depression ,apertureS 
15 and 16,C0-axial with each 0ther and With 
Cathode 8 and anode depression T,are provided 
in COntrolgrid 19 and screen grid 42,respectively. 
An inwardly extending annular rim ?T,formed 
about the aperture 16,and extending inWardly 
of the intergrid cavity 14,is provided on the 
screen grid 12,for electro-optical reasons. 
The Cathode8 may be supported by a generally 

cylindrical structure 18,which extends exter 
naly of the resonant cavity 1,and which may 
be provided with a fange-19 at its lower end,to 
Serve as a Support for a glass Seal 20,extending 
frOm a suitable point of the Outer surface of 
?he Iower Wall 3 of the Cavity to the upper 
Surface of the flange 19. The cathode Support 
18 may extend internaly of the cavity 1 via a 
Cylindrical open passageway 21 formed by nos 
ing in a portiOn Of the bottOm Wall 3 Of the 
Cavity to form an inwardly extending Cylin 
drical Wall 22, Open ended to permit acCess to 
the cavity. 
The flament 9 may be Supplied with heating 

Current Over a.lead.23,which passes through 
the Cathode Support 19 Via a glass Seal 24 formed 
in,the Under Surface thereOf. The remaining 
filament terminal may be grounded to the Cath 
ode Supp0rt 16,Which is insulated from the 
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Cavity structure 1 by the glass seal 20,and by 
virtue of the spacing between the wall portion 
22 and the Outer Surface of the cylindrical Cath 
ode Support 18. The control electrode 10 may 
be mOunted On a metaliic rod 25,passing through 
a paSSageway 26 in the cathode support 18,and 
prowiding a lead to the Control electrode. The 
Dassageway 26 is preferably of cylindrical cross 
section,and extends in a direction parallel to 
the axis of the cathode support 18,The control 
electrode lead and mounting 25 may be brought? 
throughthe Cathode Support 18 by means 0f a 
glaSS Seal 2?,and at a Suitabie place in the pas 
SageWay 26,and.in ContaCt With both the lead 
25 Or mounting and the inner Wall of the pas 
S8geway 26 may be placed a choke bucket 28. 
The position of the Choke bucket 28is80 Selected 
that the conductor 25 and the inner wall of the 
?3aSSageWay 26 taken together form a Choke for 
currents at the frequency of the Cavity,thereby 
enabling the establishment of D.-C,insulation 
fGr the grid lead 25,Wi?hout excessive 10ss of 
power. Similarly the Space 2! betweenthe Cav 
ity Wall 22 and the Outer Wall Of the cathode 
Supp0rt ?8 is designed to form a choke for Cur 
rent8 at the frequency of operation of the cavity 
#,to prevent transfer of energy externally of 
the C8Vity Via the Space 21., - 
The Screen grid 12 may be mounted on sup 

port arms,3@ and 31,the latter extending 
through the upper Wall 2 0f the Cayity 1 via 
a belloWS 32,Which,in Well known fashion,en 
ables m0Vement Of the Support arms 30 and 
3 WithOut afecting the Vacuum within the cav 
ity 1. - ?.,? 

Output power may be derived from the cavity 
# by means of a 100p 3310cated within the cav 
ity, and having One of its terminals connected 
to the inner Cavity wallat any convenient point, 
and itS remaining terminal 3? brought exter? 
nally of the Cavity through a glass seal 35, - 

Control electrode 10 may be biased for Class 
C Operation by means of a potential source,il 
lustrated merely for the sake of convenience as? 
a battery 36, and Connected with its negative 
terminal to the lead 25 and With its positiveter 
minal to the cathode support 18. The anode 6 
may be maintained at a suitable positive poten 
tial with respect to the cathode 8 by means of 
a voltage source,illustrated merely forpurposes 
of simplification and convenience as a,battery 
3?, connected between the cathode support 19 
and any Wall of the Cavity. The Screen grid 12 
may be maintained at the Same voltage as the, 
anode 8 by means of a Wiping contact38,Secured 
to the Support arm 30,and maintained in con 
tact with the inner cylindrical wall of the cavity 
! for al1 positions of the screen grid 12. - 
The cavity may be tuned by motion of the 

SCreen grid 12 from and towards the anode 6, 
this motion being accomplished by moving the 
support arms 30 and 31,from externally of the 
Cavity via bellows 32,This variation in tuning 
proceeds by virtue of the fact that variation of 
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position of any metalic mass Within a reSonant 
Cavity gives rises to wariations of the tüning 
thereof,and further by reason of phase_changes 
in anode current,which are controllable by the 
position of the Screen grid of a reSnatron oscilla 
tor. The phase diference betweenthe radio fre 
quency fields at the cathode and anode are es 
tablished by the construction of the system,the 
latter two elements being immovable,and the 
phase diference may be so selected as to estab 
1ish maximum eficiency,The total capacity in 
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troduced into the resonator 1 bythe presence of 
the cathode and grid structures is at a minimum 
by reaSon of the fact that the capacity between 
the control electrode 10 and the cathode 8 is 
in Series with the Capacity between anode 6 and 
screen grid 12,the total capacity being thus es 
tablished at a value less than either of the Ca 
pacities mentioned. 

It Will be noted that tuning of the Cavity may 
be achieved by means of a single control,which 
Simultaneously establishes all the resonant fre 
quencies of the System,and that the tracking of 
the tuning of two cavities,which is necessary in 
reSnatrons Constructed in accordance with prior 
art principles,is totally avoided. Furthermore, 
tuning of the Cavity is achieved without motion 
Of any One SurfaCe which Carries radio frequency 
currents with respect to another such surface 
while in direct contact with that other sur 
face. - 

IFOr Optimum Operation the distance betWeen 
point midWay of the anode SCreen grid gap of 
the tube,and a point midWay of the Cathode 
Control grid gap must be established Such that 
the transit angle of electrons paSSing between" 
the cathode andthe anode isan oddmultiple of r 
radianS,at the frequenCy Of Operation of the 
system,since thereby electrons passing through 
.the cathodegrid gap at a positive peak of transit 
angle will arrive midWay of the Screen grid anode 
gap at a CorreSponding negative peak value 
1ater. 
The structure of the controlgrid 10 and screen 

grid 12,and their overlapping Skirts 11 and 13, 
is SuCh aS t0 prOWide 3 Well Shielded intergrid 
space 14,within Which the electron beam passing 
to the cathode is accelerated Substantially to 
anode Voltage without phase Change due to the 
radio frequency field,The structure of the cath 
ode 8,the apertures 15 and 16 and the skirt 11 
about the aperture 16 is designed to provide Suit 
able electron OptiCal parameters to establish a 
Concentrated CylindriCal beam Of electrons with 
in the Screen anode gap. 
Reference is now made to Figure 2 of the ac 

Companying draWing,Wherein is illustrated a 
modification of the System of Figure 1,which op 
-eratesin accordance With the Samegeneral princi? 
ples,but which presents certain refinements and 
variations of construction, - 
Asingle Cylindrical Cavity 41 isemployed,hav 

ing a cathode flament 42,a cathode body 43,a 
Control electrode ?4,an accelerator or Screen 
grid 45,and an anode 46. The Cavity 4t is pro 
vided with a top Wall 4T,and a cylindrical side 
wall 48,but is open atits bottom end,as at 49. 
The anode 46 may be constructed identically with 
the anode 6 of Figure 1,An evacuating lead 50 
may be provided at a Convenient point of the 
side Wall 48,to enable maintenance of the neces 
Sary vacuum within the Cavity 41. 
The control electrode 44 may be provided in 

the form of a dish with a,central opening 51 
through which an electron beam may pass. Simi? 
1arly the Screen grid or accelerator 45 may take 
the form of an open dish having an annular, 
downwardlydependingskirt 52,whichextendsbe 
1ow,the level of the control electrode 44 and 
outside the latter. The SCreen grid 45 may fur 
ther comprise an axial aperture 53,aligned with 
the aperture 41,for paSSage for the electron 
beam generated during operation of the System. 
Thereby is formed an intergrid Space 54,Shielded 
from the ultra-high-frequency fields existing in 
the Cavity 41,and within which the electron 

6 
beam is Subject to direct Current accelerating p0 
tentials. - ? 

The cathode filament 42 may be Supported by 
the Cathode body 43,in Conventional fashion,the 
latter forming part of a generally cylindrical 
Support structure 55,which extends externally 
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of the cavity 41,Via opening 49,and which may 
be provided with a flange,56 at its lower end, 
the latter being external to the cavity 41,and 
radialy overlapping the cylindrical Walls. Afur? 
ther flange 57 may be provided externally of the 
Wall 48,and Secured thereto,at a Convenient 
10cation intermediate upper Wall 4T and opening 
49. The flange 57 may then be utilized as a Sup? 
port forthe flange 56,by Virtue of an insulating 
Seal 58,fabricated of Suitable glaSS or other Suit? 
able Seal forming material, of generally Cylin 
drical Shape,and feathered into the fiange 57 
at its upper edge and into the fiange 56 at its 
Iower edge. 
The flament 42 may be Supplied with heating, 

current over a lead 59,Which paSSes through the 
Support Structure 55 via a glaSS Seal 60 formed 
in the fange 56,The remaining füament ter 
minal 6f may be grounded to the Support struc 
ture 55,since the latter is insulated from the 
cavity structure 41 by the seal 58,and serves as 
a ground for filament 42. - 
The control electrode 44 may be fixed spaced 

With respect to the Cathode body 43 and the fila 
ment 42,and may be mounted on a metallic rod 
81,passing through a longitudinally extending 
paSSageway 62 inthe Support 55,andexternally of 
the evaCuated System Via a glaSS Seal 63,The 
metallic r0d 8 then prOVides a lead to Contro 
electrode 44. - 
The paSSageway 62 is preferably of Cylindrical 

CrOSS-Section,and of Suficiently great CrOSS-Sec 
tion to contain a radio frequency choke 64,0pen 
adjacent the upper Wal10f Support 55andshorted 
to the metallic rod 81 at its 1ower end. Radio 
frequency Choke 64 prevents leakage of radio 
frequency currents down the passageway62,and 
provideS an eficient mode of direct-current in 

5 Sulating the metallic rod 81,Since the radio fre 
quency choke 64 is not in contact with the sup 
port 55. 
No Supp0rting Structure for Screen grid or 

accelerator 45 is illustrated in Figure 2,it being 
clear that the expedient illustrated in Figure 1 
is Suitabie for this purpose if desired,Alterna 
tively,and as ilustrated in Figure 2,the Screen 
or accelerator 45 may be Supported in fixed posi 
tion by means of metallic tubing 65,coiledinside 
the grid structure and paSSing through the Cylin 
drical Wal148 of the structure,The metallic tub 
ing 65 maythenbe employed for conducting Cool 
ing fluid for cooling the screen or accelerator 45, 
and for conductingt0thescreen oraccelerator 45 
the requisite direct-currentvoltage,Intheillus 
trated embodiment the tubing 65 passes directiy 
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through the metallic Wall 48,and operates there 
by to maintain Screen or accelerator 45 at the 
Same direct-current potential as anode 46. If 
deSired the tubing 65 may be brought through 
wall 48 via insulated vacuum seals to enable 
SCreen 0r accelerator 45 to be maintained at a 
direct-current potential different than that of 
anode 46. 

Cooling fuid for the cathode structure of the 
System is Supplied via a duct 66 to the vicinity 
of the filament 42,and then returns via a duct 
67,the ducts 66 and 67 being formed in the sup 
port structure 55. 
A duct 68,for bringing cooling fuid to anode 



3,679613 
7 

-46,may be provided,extendingthrough the top 
Wall 69 Of a metallic Cylindrical Superstructure 
70,supported on top Wall-4T. The duct 68 ex 
tends co-axially With anode 46,and into the 
nosed in anode structure. A further duct is 
provided for egress of the cooling fuid. The 
Superstructure ?0 is at the Same direct-current 
potential as the anode ?6,and a direct-current 
anode 1ead f2 may accordingiy be connected 
·theretO. 

Additionally an aperture 14 may be provided 
in Wall 41,and a furtheraperture 75in the Cylin 
dricalwall of superstructure 6,between which 
extends the Outer COnduCtor f6 Of a CO-axial 
transmission line ??. The inner end of the line 
TT may terminate ina coupling loop ?8,internally 
of the cavity 41,while theline f,at its outer 
end may c0mprise a Vacuum Seal ?9, externally 
of the SuperStructure T0. - - • 
The theory of operation 0f the SyStems illus 

trated in FigureS ? and 2 isthe Same,and hence 
?he SpaCingS Of tube eiements,and the dimension 
ing of ultra-high-freqUency components may be 
derived from the Same deSign COasiderations ih 
each embodiment of the inVentiOn. - 
While I have described one specific embodi 

ment of my invention,it Will be Cle5r that Vari 
ations of structure may beresGrted to without 
departing from the true Scope of the invention aS 
defined by the appended claimS. 

I claim as my invention: ". , - 
1.A resnatron comprising a single cavity 

resonator having Cylindrical Symmetry,a cathode 
extending within one end Wall of Said cavity 
reS0nator,an an0de C0mprised of the other end 
Wall of Said cayity reSonator,a control electrode, 
Said COntrol electrode COmprising a diSC having 
an axial aperture and an annular Skirt, means 
mounting Said COntrol electrode at a predeter 
mined distance from Said Cathode, a SCreen elec 
trode,means mOVably mounting Said screenelec 
trode betWeen Said anode and Said contr01 eleo 
trode,Said Screen electrode comprising:a disc 
having an axial aperture and an annular skirt 
overlapping Said first mentioned annular skirt? 
andinsulated therefrom,Said cathode,anode and 
apertures being aligned with the axis.of Sym 
metry of SaidSingle C8Vity resonator,Said cathode 
COntrol electrode,SCreen electrode and anode be 
ing mutually inSulated from one another for di- 50 
rect-current voltages. - - - - 

8 
2. In atetrode electronic tube, a Single cawity 

reSonat0r,Said Single CaVity reSonatOr haWing 
cylindrical symmetry,about a predetermined 
axis,an anode comprised of a portion of anend 
Wall of Said CaVity,Said anode haVing circular 

,Symmetry about Said aXis,a Circular aperture in 
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another end Wall of Said Cavity,Said CirCular 
aperture being Symmetrical With reSpect to Said 
axis,a cathode means mounting said cathode 
in Said circular aperture and symmetricallywith 
reSpect t0 Said axis,a Control electrode,means 
for mounting Said control electrode intermediate 
Said Cath0de and an0de and inSulatedly With re? 
Spect to Said Cathode and anOde,Said COntrol 
electrode having an aperture for paSSage of elec 
trons,Said Control electrode posseSSing circular 
Symmetry With reSpect to Said axis With the 
aperture therein aligned with Said aXis,a Screen 
eiectrode haVing an aperture for paSSage of elec 
trOnS,means for mounting Said Screen electrode 
betWeen Said an0de and Said Control electrode, 
Said SCreen electrode poSSeSSing,Circular.Sym 
metry With reSpect to Said axis With the aperture 
therein aligned With Said axis,means connected 
to Said SCreen electrode for varying the Spacing 
betWeen Said SCreen electrode and Said anode, 
3. The combination in accordance with claim 

2Wherein Said SCreen and controlelectrodescom 
prise mutually OVerlapping Skirts for insulating 
the space between Said screen and control elec 
trodes With reSpect to high-frequency electric 
fields in Said Single CaVity reSonator. - 
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